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{57] ABSTRACT
A method of forming a structural joint between a first

and a second rigid element, the first element having at
least one flange extending from a face thereof and
having an outer end, the second element having at
least one elongate groove which is substantially arcu-
ate in cross-section provided on a face thereof, each
groove having opposed edges which define an elon-
gate opening of a dimension to permit entry of a
flange into the groove, comprises placing the outer
end of at least one flange into the elongate opening of
the at least one groove. Then by applying sufficient
external force to the first and second elements, rela-
tive movement between the elements results and the
distance between the opposing faces thereof is de-
creased, the flange being deformed within the groove
to form a portion of a coil therein having a width
which is greater than the width of the elongate open-
ing. The degree of coiling of the flange within the
groove may be varied along the length of the joint.
This method may be used to join a ladder rung to a
ladder rail.

A structural joint between a first and a second
element when formed by the above method.

14 Claims, 10 Drawing Figures
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1
METHOD OF FORMING STRUCTURAL JOINTS

FIELD OF INVENTION

This invention relates to structural joints and to a
method of forming such a joint between two elements.

BACKGROUND OF THE INVENTION

Procedures commonly used in forming a press-fitted
structural joint between two elements usually involve a
number of pressing operations prior to the forming of
the structural joint. This additional handling of the ele-
ments before they are joined may result in added manu-
facturing costs.

The method of forming a structural joint according

to this invention overcomes this problem by forming a

simply constructed joint which securely retains two ele-
ments in connected relationship. The elements to be
joined are characterized in that the first element has at
least one flange extending from a face thereof where
each flange has an outer end. The second element has
at least one elongate groove which is substantially arcu-
ate in cross section and is provided on a face thereof,
each of the grooves having opposed edges which define
an elongate opening of a dimension to permit entry of
the flange into the groove. The outer end of each of the
flanges is placed into the elongate opening of a respec-
tive groove, then a sufficient external force is applied
to at least one of the first and second elements to cause
relative movement between the elements so as to de-
crease the distance between the opposing faces thereof.
As the distance between the opposing faces is decreas-
ing, each flange is deformed within the respective
groove to form at least a portion of a coil therein. Once
the flange has been deformed within the groove to form
the desired degree of coiling within the groove so that
the width of the coil is greater than the width of the
elongate opening, the external force is removed. This
results in a structural joint between the two elements
where the flange of the first element is coiled within the
groove of the second element to retain the elements in
connected relationship.

This method may be adapted to join any two desired
pieces of material or to join the edges of a blank piece
of material thereby forming a hollow cylinder. This
method has many fields of application such as being
used to join a ladder rung to a ladder rail. Another is
in the joining of at least two elements together, the de-
gree of coiling the flange within the groove being varied
along the length of the structural joint to form a taper
between opposing faces of the elements being joined.
The taper along the joint may be useful in forming ta-
pered. columns and the like. ‘ '

SUMMARY OF THE INVENTION

It is therefore an object of the invention to provide
a method of forming a structural joint between two ele-
ments. '

It is a further object of the invention to provide a
method of forming a structural joint which involves
very few pressing or forming operations.
It is another object of the invention to provide a

method of joining a ladder rung to a ladder rail.

It is yet another object of the invention to provide a
method of joining two elements together where the dis-
tance between the faces being joined is tapered.
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BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects, features and advantages of
the invention are discussed in more detail hereinafter,
in association with the accompanying drawings, in
which:

FIG. 1 is a perspective view of a section of an exten-
sion ladder where each rung is joined to the respective
rail by the method according to this invention.

FIG. 2 is a top view showing a ladder rung and a lad-
der rail prior to their being joined.

FIG. 3 is a partial view of the elements shown in FIG.
2 where the ladder rung and the ladder rail are joined
together.

FIGS. 4, 5 and 6 schematically show a preferred man-
ner of pressing a ladder rung between two ladder rails
to form structural joints according to this invention.

FIG. 7 is a perspective view of a tapered column con-
sisting of four members where the members are joined
according to the method of this invention.

FIG. 8 shows an intermediate step in forming a col-
umn of FIG. 7.

FIG. 9 is a cross-sectional view of a column of FIG.
7 along the lines 9—39.

Flg. 10 is a cross-sectional view of the column of FIG.
7 along the lines 10—10.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A structural joint as formed between two elements
according to the method of this invention, is shown as
being used to join a ladder rung to a ladder rail in FIG.
1. Ladder rail sections 10 and 12 have identical cross-
sections as formed by extruding an aluminum alloy
common to aluminum ladder construction. Rail 10 has
two parallel grooves 14 and 16 disposed on an inner
face 18 thereof and at each side flange 11 of the rail 10,

‘there are extruded lips 20 and 22. Similarly on rail 12

there are extruded grooves 24 and 26 on-a face 28 of
rail 12 and, at each side flange 13 of rail 12, there are
extruded lips 30 and 32. Rung 34 is joined to rail 10 by
flanges 36 and 38 being coiled within grooves 14 and
16 respectively. Similarly rung 40 is connected to rail
12.

The extension ladder is assembled by sliding lip 30 of
rail 12 over lip 22 of rail 10, where the outside surface
42 of rail 12 slides along a back side surface of rung 34,

Referring to FIGS. 2 and 3, rung 34 is shown prior to
its being pressed towards rail 10 and after it is joined
to rail 10. Considering groove 14 as formed in body
portion 44 having lips 46 and 48, the inner face 50 of
the groove is substantially arcuate where edges 52 and
54 define an elongate opening-56 which runs the length
of groove 14. Flange 36 which is coiled in groove 14
has an outer surface 58, an inner surface 60 and an

outer end 62, Proximate the outer end 62, the flange =

may be bent with a curvature in the outer face 58 some-
what identical to the curvature of groove 14 at the posi-
tion where the outer face 58 initially contacts the inner
arcuate face 50 when flange 36 is placed within groove
14.

Similarly, flange 38 is formed with an outer end 64
which may be bent inwardly with the same degree of
curvature. Groove 16 has an inner arcuate face 66 and
terminates at edges 68 and 70 which define an elongate
opening 72 running the length of groove 16. To ensure
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that flanges 36 and 38 are easily placed in grooves 14
and 16, the distance between edges 52 and 70 is less
than the distance between the inner edges of the outer
ends 62 and 64. The length of either grooves 14 or 16
need not run the length of the respective ladder rail, in
that depending on proper positioning, there may be a
plurality of aligned grooves, each groove having a
height at least equal to that of a flange.

As shown in FIG. 2, flange 36 travels along a line
which is offset from the longitudinal axis of groove 14
whete the positioning of opening 56 only permits the
offset entry when the flange moves in from the position
shown. However, it is understood that other combina-
tions of opening position and flange point of entry may
be used to effect the desired deformation of the flange
within the corresponding groove.

Rung 34 may be made of a malleable metal such as
an aluminum alloy common to aluminum ladder con-
struction and may be tubular in cross-section. Flanges
36 and 38 may be formed in each end of rung 34 by a
number of conventional machining methods such as
milling an end of a tubular blank portion to form the
configuration as shown in FIG. 2. Subsequently, the
outer end of each flange may be bent accordingly. In
this particular application, the end of rung 34 is ma-
chined so that the portion of the rung between flanges
36 and 38 corresponds in configuration with that of the
inner surface 80 of the rail between grooves 14 and 16
so that extended portion 74 of rung 34 fits nearly in the
recessed portion 76 between grooves 14 and 16.

In joining the rung 34 to rail 10, rung 34 may be held
in a stationary position and rail 10 aligned with rung 34
so that flanges 36 and 38 are inserted into grooves 14
and 16 through openings 56 and 72 respectively, as rail
10 is moved in the direction of arrow 78. An external
force of sufficient magnitude may be applied to rail 10
to continue this movement so as to deform flanges 36
and 38 within grooves 14 and 16 respectively. In con-

4

the inner face 50. Lubricants and the like may be used
to assist this operation and further assistance may be
found by rounding the outer edge of outer end 62. In
addition, the outer rounded edge of end 62 may be of
assistance in further coiling of the flange 36 as the
outer end travels around so that the outer face 58
contacts the inner face 60. In case flanges 36 and 38 do
not exactly line up with grooves 14 and 16, edges 54
and 68 of the respective grooves may be rounded to ad-
ditionally assist the placement of the flanges within the
grooves,

Due to the inherent resiliency of each flange when it
is deformed within.a corresponding groove a binding
force may be exerted outwardly on the inner arcuate
face of each groove. As a result, the flange tends to re-
main within the groove in the position in which it is

 placed and usually there is very little slippage of the
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sidering flange 36, this deformation occurs as the outer

face 58 contacts the inner arcuate face 50 of groove 14

so that as rail 10 is moved in the direction of arrow 78, -

the outer end 62 of the rung travels around the inner
arcuate face 50 of the rail to form at least a portion of
a coil. This movement of the outer end 62 defines a
locus along which the outer end may traverse more
than 180° as shown in FIG. 3. The axis of the coil
formed due to the bending of flange 36 may be perpen-
dicular to an axis along which the external force is di-
rected, namely arrow 78. When rung 34 is in secured
position, extended pertion 74 abuts against the inner
surface 80 to act as a stop and thereby control the de-
gree of coiling of each flange in the respective groove.
similarly with flange 38, the outer end 64 has moved
along the inner arcuate face 66 and has traversed more
than 180°, .

Both rail 10 and rung 34 should be formed of rela-
tively rigid material so that during the pressing of rung
34 against rail 10, neither of these elements collapse.
It is understood that in the milling of the blank piece of
rung 34, the thickness of flanges 36 and 38 is such to
permit deformation of these flanges within the respec-
tive grooves during the pressing operation.

The outer end 62 of flange 36 need not necessarily
be bent as shown in FIG. 2 because the flange 36 in its
straight form after the milling operation may be in-
serted in groove 14 and due to the arcuate configura-
tion of groove 14, the outer end 62 will follow around
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flange along the length of the groove if a downward
force is placed on the rung. Although the binding force
exerted by the coiled flange would be dependent upon
the degree of coiling and the type of material from
which the flange is made. To ensure that the flange
does not move atong the length of the rung, a detent
may be formed in the sides of each groove to decrease
the cross-sectional area of each groove. These detents
may be formed below and/or above the rung. As shown
in FIG. 1, a detent 81 is formed below flange 36 and
similarly detents may be formed below the remaining
flanges of rungs 34 and 40 to ensure the safety of a per-
son using the ladder.

Resistance to this type of movement may be achieved
by various ways and means, such as forming a tight fit
between faces 115 and 116 and correspondingly be-
tween faces 117 and 118 as designated in FIG. 3 by
milling each end of rung 34 so that the distance be-
tween faces 116 and 118 is equal to or less than the dis-
tance between faces 115 and 117. Other ways of in-
creasing torsional resistance include forming detents
not only below each rung, but also directly above each
rung; and adhesive material may be employed to retain
the flanges in the desired position within the grooves
where the adhesive material may act as a lubricant dur-
ing the pressing of the structural joint and then set-up
and secure the joint once it has been formed.

From this detailed description of a preferred use of
the method of forming a structural joint according to
this invention, it is apparent that this type of structural
joint has many uses and that any member or element
having a flange of malleable material extending from a
face thereof may be placed in an arcuate groove of an-
other member or element and by pressing the two ele-
ments or members together, deform the flange within
the groove to coil the flange and thereby retain the two
members in connected relationship because the width
of the portion of the coil formed within the groove is
greater than the width of the opening of the groove.

FIGS. 4, 5 and 6 illustrate various steps which may be
used to press a ladder rung 82 between two ladder rails
84 and 86 The flanges at each end of ladder rung 82 are

lined up with the respective grooves in rails 84 and 86.

The outer surface of each ladder rail is acted upon by
press blocks 88 and 90 and press blocks 92, 94, 96 and
98 are provided at the corresponding outer flange faces
to prevent any bulging outwardly or buckling of the
flange as it is being coiled within the respective groove.
In FIG. 5, press blocks 88 and 90 are moved towards
each other in the direction of arrows 100 and 102,
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thereby decreasing the distance between rails 84 and
86. As this takes place, each flange is coiled within the
respective groove as shown and each of blocks 92, 94,
96 and 98 move inwardly along the sides of rung 82 to
ensure that each flange moves into the groove smootly
without any undesirable buckling during the pressing
operation.

FIG. 6 shows all of the press blocks in retracted posi-
tion to permit removal of ladder rung 82 as it is joined
to rails 84 and 86.

FIG. 7 illustrates a tapered column 104 consisting of
four identical elements 106, 108, 110 and 112 joined
together according to the method of this invention.
There are therefore four structural joints between the
four elements and in considering structural joint 114
between elements 106 and 112, it is apparent that the
joint is tapered along the length of the column 104.
This is a further desired feature of a preferred embodi-
ment in that the degree of coiling of the flange within
a groove may be varied along the length of the struc-
tural joint between two elements. As a result, a tapered
joint is:obtained. A further advantage of the invention
is therefore realized in that an exact machining of the
length of the flange and the sides of the grooves is not
required because the flange may coil within the groove
to an extent which permits machining differences from
optimum in the length of the flange and the cross-
sectional configuration of the groove. Therefore the
grooves may be formed quite satisfactorily from an ex-
trusion process and similarly, the flanges may be also
extruded if the element to be joined so permits.

FIG. 8 shows an intermediate step in the forming of
column 104 where elements 106 and 112 are joined
and elements 108 and 110 are also joined to form two
channel portions. The flanges of elements 106 and 110
are then aligned with the grooves of elements 108 and
112 and by pressing the channel portions towards each
other the completed column is formed as illustrated in
FIG. 7.

FIGS. 9 and 10 are cross sections of column 104
along lines 9—9 and 10—10 respectively to show the
variaion in the degree of coiling of the flanges within
the grooves along the length of the column. This varia-
tion in the degree of coiling may be attained by arrang-
ing press blocks which are used to press the elements
in a manner so that the distance between the blocks
along their length is essentially identical to the taper
desired along the joint. As a result, the degree of coiling
of the flange of member 106 in the groove of member
108 as shown in FIG. 9, is much greater than that
shown in FIG. 10. In addition, the degree of coiling of
the flanges shown in FIG. 10 is very close to the mini-
mum amount required in that a lesser degree of coiling
would permit removal of any one of the flanges from
the respective groove.

It can therefore be seen from the preferred embodi-
ments that a structural joint of this nature is of simple
construction and requires very little forming or press-
ing to be completed.

While various embodiments of the invention have
been illustrated and described, it will be understood
that variations therein may be made as will be apparent
to those skilled in the art without departing from the
spirit of the invention or scope of the appended claims.
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I claim:
1. A method of forming a structural joint between a
first and a second rigid element, said first element hav-
ing at least one flange extending from a face thereof
and having an outer end, said second element having at
least one elongate groove which is substantially arcuate
in cross-section provided on a face thereof, each said
groove having opposed edges which define an elongate-
opening of a dimension to permit entry of a flange into
said groove, comprising the steps of:
placing the outer end of at least one flange into the
elongate opening of said at least one groove; and

applying sufficient external force to at least one of
said first and second elements to cause relative
movement between said elements so as to decrease
the distance between the opposing faces thereof
and so as to deform said flange within said groove
to form at least a portion of a coil therein having
a width which is greater than the width of said elon-
gate opening.

2 A method of claim 1, wherein said flange is de-
formed within said groove and coiled about an axis
which is substantially perpendicular to an axis along
which said external force is directed.

3. A method of claim 1, wherein said groove has a
depth relative to the face of said second element
throughout the length of said groove.

4. A method of claim 2, wherein said flange has an
inner and an outer face and is inserted in said groove
to place said outer face proximate the inner arcuate
face of said groove, a portion of said outer face of said
flange contacting a portion of said inner arcuate face
of said groove when said external force is applied.

5. A method of claim 1, wherein an.indentation is
formed proximate a side edge of said flange in one or
more sides of said groove to decrease the - cross-
sectional area of said groove.

6. A method of claim 1 where said at least one flange
is formed with a length greater than the circumferential
length of the inner arcuate face of said groove, and the
movement of said outer end of said flange within said
groove defining a locus along which said outer end tra-
verses more than 180° while said external force is ap-
plied.

7. A method of claim 4, including a further step of
forming at the outer end of said at least one flange a
bend having a curvature substantially identical to that
of a portion of the inner arcuate face of said at least one
groove proximate the area of initial contact of said
outer face of said flange with said inner arcuate face of
said groove; said flange with said bend being placed in
said groove with said outer face proximate said inner
arcuate face.

8. A method of claim 4, said outer end being formed
with a rounded edge adjacent said outer face,

9. A method of claim 1 wherein said flange enters
said groove along a path which is offset from the longi-
tudinal axis of said groove.

10. A method of claim 1 for making a structural joint
between a rung and a rail of a ladder wherein said rung
is said first element having at least one flange extending
from each end thereof, and said rail is said second ele-
ment having at least one arcuate groove extendmg
along a face thereof.

11. A method of claim 10 where there are two sub-
stantially parallel arcuate grooves provided on the face
of said rail for a length at least equal to the height of
a respective flange, and two flanges at each end of said
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rung, the elongate openings of said grooves being
spaced apart a distance to receive the outer ends of said
respective flanges:

12. A method of claim 10 where below said rung rela- ‘

tive to the upright position of said ladder, an indenta-
tion in one or more sides of said groove is formed to de-
crease the cross-sectional area of said groove.

13. A method of claim 10 where a plurality of rungs
are placed between two rails, the flanges of each rung
being placed in the respective grooves of said rails; and
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where an external force is applied to each of said rails
to cause relative movement therebetween to thereby
secure each rung to both of said rails simultaneousty.

14. A method of claim 1 wherein along the length of
the structural joint between said first and second ele-
ments, the degree that each flange is coiled within a
groove is proportionaltely varied along the length of

the joint to form a taper between said opposing faces.
* * * * *



